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The Roche Amplicor Mycobacterium tuberculosis PCR test (RMtb-PCR) was compared with mycobacterial
culture, with the BACTEC 460 system and inoculation on Lowenstein-Jensen media. Results were interpreted
with an adjusted ‘‘gold standard’’ incorporating clinical diagnosis. A total of 1,480 clinical specimens from
1,155 patients, including tissues and fluids, as well as 141 specimens which demonstrated a positive growth
index on the BACTEC 460 system were assessed. The sensitivity, specificity, and positive and negative predic-
tive values of RMtb-PCR compared with the adjusted gold standard for clinical specimens were 79, 99, 93, and
98%, respectively. In smear-positive specimens, the sensitivity of RMtb-PCR was 98% versus 53% for smear-
negative specimens. When RMtb-PCR was performed two times per week, PCR results were available an
average of 21 days before the culture results. For specimens demonstrating a positive growth index on the
BACTEC 460 system, RMtb-PCR had a sensitivity and specificity of 98 and 100%, respectively. This study
demonstrates the value of a commercial nucleic acid amplification kit for rapid diagnosis of M. tuberculosis,
particularly in smear-positive specimens or BACTEC culture-positive specimens.

The importance of tuberculosis as a global public health
concern has been emphasized by high incidence rates (partic-
ularly in human immunodeficiency virus [HIV]-positive indi-
viduals, the homeless, and prisoners) and by recent outbreaks
of multidrug-resistant tuberculosis in the United States (3, 7,
13). Factors contributing to the outbreaks have included delays
in the diagnosis and implementation of proper infection con-
trol measures, as well as delays in the institution of appropriate
chemotherapy (5). Mycobacterium tuberculosis is easily spread
by aerosols, and it is generally recommended that hospitalized
patients whose respiratory specimens are smear positive for
acid-fast bacilli should be kept in respiratory isolation for 2
weeks until treated. This may be costly, inconvenient, and
inappropriate if the isolate is confirmed to be aMycobacterium
sp. other than M. tuberculosis (MOTT). Conventional diagno-
sis of M. tuberculosis by culture generally takes 3 to 8 weeks.
Acid-fast smears lack sensitivity (22) and cannot distinguishM.
tuberculosis from other mycobacteria. Rapid differentiation of
M. tuberculosis from other mycobacterial species is therefore of
great potential benefit.
The PCR can provide a rapid and specific identification of

M. tuberculosis complex organisms. Since 1990, more than 25
studies have been published about the detection of M. tuber-
culosis by this method. These studies have employed a num-
ber of different genetic elements for amplification (including
IS6110 [9, 12, 15], the 65-kDa antigen [4, 26], and the 38-kDa
antigen [14, 24]) and have utilized a number of different DNA
extraction, amplification, and detection methodologies. These
studies have demonstrated that PCR is a powerful tool for the
amplification and detection of mycobacterium-specific nucleic

acids. However, concerns about the sensitivity, specificity, and
reproducibility of in-house PCR assays which are poorly stan-
dardized between centers (21) have slowed the endorsement of
this technology by regulatory bodies (6).
Given these concerns, we designed a laboratory-based pro-

spective study with the objective of assessing the sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of a commercial nucleic acid amplification
kit, the Amplicor M. tuberculosis test (RMtb-PCR).

MATERIALS AND METHODS

Clinical specimens. During the 1-year study period, a total of 1,480 specimens
from 1,155 patients were processed for mycobacteria. Clinical specimens were
submitted to the Mycobacteriology Laboratory of The Toronto Hospital from a
consortium of tertiary care and community-based hospitals. Specimens were
transported to the laboratory within 2 days of collection and were stored at 48C
until processed. Specimens from contaminated sites (bronchoalveolar lavage
[BAL], sputa, tissues, fluids other than cerebrospinal fluid [CSF]) were digested
and decontaminated with a final concentration of 2.5% NaOH and N-acetyl-L-
cysteine and concentrated by centrifugation at 3,500 3 g for 15 min (19). Tissues
were homogenized by either the Stomacher Lab-Blender 80 (Seward Medical
UAV House, London, United Kingdom) or by a sterile disposable tissue grinder
(Sage Products, Inc., Crystal Lake, Ill.) on the basis of tissue size prior to
decontamination and concentration. CSF samples were processed without prior
decontamination (see ‘‘DNA preparation’’). After concentration, a residual vol-
ume of 2 to 3 ml remained. One milliliter was aliquoted for PCR testing and
stored at 48C; 0.5 ml was inoculated into a BACTEC 12B bottle, which was
incubated at 378C. The growth indices of the 12B bottles were assessed with a
BACTEC 460 instrument (Becton Dickinson, Cockeysville, Md.) twice weekly
for the first 2 weeks and weekly thereafter for up to 6 weeks. Another 0.5 ml was
inoculated onto a Lowenstein-Jensen (Difco laboratories, Detroit, Mich.) slope,
which was incubated in 5% CO2 at 378C. Slopes were inspected weekly for up to
8 weeks. Smears were stained with auramine-rhodamine and examined under
3400 power with a Leitz epifluorescence microscope (19). Smears were consid-
ered positive if at least one fluorescent bacillus was visualized. All positive smears
were confirmed by restaining with a modified Kinyoun stain (8) and indepen-
dently verified by at least two technologists. Specimens from one contributing
hospital were divided before decontamination, concentration, and PCR (see
Discussion). Culture-positive specimens were identified by the Ontario Provin-
cial Health Laboratory by nucleic acid hybridization testing (Accuprobe; Gen
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Probe, Inc., San Diego, Calif.) and conventional biochemical testing (19). There
were 630 sputa, 445 BALs, 236 biopsies, 90 normally sterile fluids, 52 aspirates,
22 CSF samples, 4 urine samples, and 1 blood sample. In addition, 141 specimens
whose growth indices exceeded 10 in BACTEC bottles were processed for RMtb-
PCR.
DNA preparation, amplification, and detection by RMtb-PCR. PCR was per-

formed according to the manufacturer’s instructions with the RMtb-PCR (Roche
PCR Diagnostics, Inc., Branchburg, N.J.). DNA preparation was performed in a
laminar air flow biosafety hood in an area separated from the specimen process-
ing area. A volume of 100 ml of each specimen (or the vortexed, unconcentrated
BACTEC 12B contents) was used for each amplification. Specimens were
washed, lysed, and neutralized according to the manufacturer’s protocol. CSF
specimens were run in duplicate, with one receiving the normal wash treatment
and the other not receiving the wash as a precaution against insufficient precip-
itation of nucleic acids after the wash step. One positive control and two negative
controls supplied by Roche were included in every run. Amplification reagents
were prepared on the day of utilization. False-positive results due to amplicon
contamination were minimized through the use of uracil-N-glycosylase (Amp-
Erase). A 35-cycle procedure was used with a GeneAmp PCR system 9600
(Perkin Elmer): 20 s at 948C, 20 s at 628C, and 45 s at 728C. The final elongation
step was continued for 5 min at 728C, and the product was held at 728C. PCR
product detection was performed on the same day as amplification. Amplifica-
tion products and hybridization buffer were transferred to microwell plates
coated with oligonucleotides specific for M. tuberculosis complex. After incuba-
tion at 378C for 1.5 h, the plates were washed five times. Avidin-horseradish
peroxidase conjugate and substrate were added. Samples were considered pos-
itive if the A450 was equal to or greater than 0.35.
Discrepant result analysis. RMtb-PCR was repeated when possible on spec-

imens which were RMtb-PCR negative and culture positive for M. tuberculosis.
The medical records of all patients who had positive RMtb-PCR and negative
culture results were reviewed by the investigators. Data concerning the clinical
presentation, epidemiologic risk factors, past culture results, and previous or
current therapy were analyzed. Additional specimens were examined if available.
After this analysis, the PCR result was reclassified as appropriate. The combi-
nation of culture and clinical data was utilized to generate an adjusted gold
standard.
Statistical methods. Data were entered into a Epi-Info 6.00 database (Centers

for Disease Control and Prevention, Atlanta, Ga.). Continuous variables were
compared by Student’s t test. Sensitivities were compared by McNemar’s chi-
square test.

RESULTS

Species distribution and smear results. A total of 1,480
specimens were processed from 1,155 patients for both culture
and RMtb-PCR. Mycobacterial species were grown from 218
of 1,480 specimens (15%), of which 100 of 218 specimens
(46%) grew M. tuberculosis. Culture and smear results for the
identified mycobacterium species are shown in Table 1. Over
half, 56 of 100 (56%), of the specimens which grew M. tuber-
culosis were positive by smear. Among specimens positive for
MOTT, 57 of 118 (48%) grew Mycobacterium avium complex
(MAC) and 43 of 118 (36%) grew Mycobacterium xenopi (M.

xenopi is one of the most common MOTT found in Ontario,
Canada [23]). When only respiratory specimens are considered
(sputum and BAL), 40 of 59 (68%) of the specimens growing
M. tuberculosis were positive by smear, as were 15 of 51 (29%)
of the MAC isolates and 4 of 43 (9%) of theM. xenopi isolates.
Of all smear-positive respiratory specimens, 40 of 63 (63%)
grewM. tuberculosis. A total of eight smear-positive respiratory
specimens failed to grow mycobacteria, two of which were
positive by RMtb-PCR.
Comparison of smear, culture, and PCR results. Table 2

demonstrates the relationship between culture, smear, and
RMtb-PCR results excluding BACTEC-cultivated specimens.
M. tuberculosis was cultivated in 77 specimens which were
also positive by RMtb-PCR. M. tuberculosis was not cultivated
in 1,362 specimens that were also negative by RMtb-PCR. A
total of 23 specimens were M. tuberculosis positive only by
culture, and 18 were positive only by RMtb-PCR. The smear
positivity rate was 55 of 77 specimens (71%) in culture-positive
specimens which were also RMtb-PCR positive, whereas in
specimens which were culture positive and RMtb-PCR nega-
tive, the smear positivity rate was only 4%. Details of the
discordant results are given in Tables 4 and 5 (see below).
The overall sensitivity of RMtb-PCR for specimens which
were M. tuberculosis culture positive was 77%, whereas the
sensitivity for smear was 56%. With McNemar’s chi-square
test, the difference is significant at P , 0.01. The PPVs and
NPVs of RMtb-PCR versus culture were 77 and 98%, respec-
tively.
Of all 56 specimens that were smear and culture positive for

M. tuberculosis, all but 1 (98%) was also positive by RMtb-
PCR. Of the 44 specimens negative by smear and positive by
culture for M. tuberculosis, 22 (50%) were positive by RMtb-
PCR. For respiratory specimens, 40 were positive by smear and
culture forM. tuberculosis, and all were positive by RMtb-PCR.
Of the 19 respiratory specimens which were smear negative
and culture positive, 9 of 19 were also RMtb-PCR positive
(47%). RMtb-PCR was repeated for 6 of the 10 false-negative
specimens, but in only one case was the repeated result posi-
tive.
The distribution of culture-positive specimens by RMtb-

PCR result is given in Table 3. The sensitivities of RMtb-PCR
for sputum and BAL were comparable (84 and 81%, respec-
tively). The sensitivity of RMtb-PCR for biopsy specimens was
74% (this difference was not significant). The numbers of M.
tuberculosis culture-positive aspirates, fluids, and CSFs were
too few to draw specific conclusions regarding the comparative
performance of RMtb-PCR (Table 3).

TABLE 1. Species distribution and smear results for
cultures growing mycobacteria

Species

All clinical specimens Sputum or BAL

No. of
specimens

No. (%) smear
positive

No. of
specimens

No. (%) smear
positive

M. tuberculosis 100 56 (56) 59 40 (68)
MAC 57 17 (30) 51 15 (29)
M. xenopi 43 4 (9) 43 4 (9)
M. fortuitum 7 0 7 0
M. chelonae 1 0 1 0
M. gordonae 1 0 1 0
M. kansasii 2 2 (100) 2 2 (100)
M. szulgae 1 1 (100) 1 1 (100)
Other MOTT 6 1 (17) 5 1 (20)

All 218 81 (37)a 170 63 (37)b

a Fifty-six of 81 specimens (69%) grew M. tuberculosis.
b Forty of 63 specimens (63%) grew M. tuberculosis.

TABLE 2. Detection of M. tuberculosis by RMtb-PCR
versus culture in 1,480 clinical specimensa

Culture result
(no. of specimens)

No. of RMtb-PCR-tested
specimens (% smear positive)

Positive Negative

Positive for M. tuberculosis (100) 77 (71)b 23c (4)b

Negative for M. tuberculosis (1,380) 18d 1,362e

Total 95 1,385

a A total of 1,155 patients provided specimens. Note that BACTEC specimens
were excluded.
b 71% 5 55 of 77 and 4% 5 1 of 23. Overall, 56% (56 of 100) of the

culture-positive specimens were smear positive.
c Details are given in Table 4.
d Details are given in Table 5 (includes five MOTT).
e Includes 113 MOTT.
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Analysis of discordant results with the adjusted gold stan-
dard. Discordance between different detection assays may be
related to the assay design or its performance characteristics.
For example, DNA amplification techniques may detect nu-
cleic acid from both viable and nonviable organisms. There-
fore, patients receiving therapy may have a positive PCR result
despite being culture negative. To address this possibility, we
incorporated an adjusted gold standard which included clinical
and treatment data.
(i) Culture-positive, RMtb-PCR-negative specimens. Table

4 gives a detailed analysis of the 24 specimens from 22 patients
which were positive by culture for M. tuberculosis and negative
by RMtb-PCR. The single false-negative RMtb-PCR specimen
which was smear positive was on a peritoneal dialysate which
had not been concentrated. After concentration of this sample,
the RMtb-PCR was positive. The first culture-positive CSF we
tested was RMtb-PCR negative after washing as per the man-
ufacturer’s directions. Because of concerns that the washing
step could have resulted in the loss of amplifiable target, we
split subsequent CSFs into washed and unwashed specimens
prior to performance of RMtb-PCR. An additional two CSFs
were both culture and RMtb-PCR positive—one in both the
washed and unwashed specimens and one in only the washed
specimen. (One CSF was only positive by RMtb-PCR but was
negative on culture. This patient was undergoing treatment
[Table 5].) An additional three specimens (one of each biopsy,
BACTEC and sputum) were positive on repeat RMtb-PCR, 10
were negative on repeat RMtb-PCR, and 8 were not repeated
because of a lack of sufficient specimen. Specimens divided
prior to concentration and homogenization (from one hospital
site) did not differ from other specimens in the rate of smear,
culture, or RMtb-PCR positivity.
(ii) Culture-negative, RMtb-PCR-positive specimens. A to-

tal of 18 specimens from 16 patients were initially classified as
RMtb-PCR false positive with culture as the gold standard
(Table 5). However, after review, 11 of 18 specimens (nine
patients) were reclassified as true positives, 6 specimens re-
mained as false positives (1 because of laboratory contamina-
tion), and 1 specimen was indeterminate. Six of the 16 patients
(eight specimens) were undergoing treatment at the time the
specimen was obtained (treatment duration ranging from 2 to
130 weeks). The patient who had been on treatment for 130
weeks was HIV positive, known to be noncompliant, and had
severe disease, as shown by a chest radiograph. We concluded
that all six of these patients were true positives. One patient
classified as true positive had been treated for tuberculosis 1
year earlier and had a persistent cavitary lesion. At a 1-year
follow-up, without treatment, this patient remained asymptom-
atic and showed almost complete resolution of the radiological
abnormality. Three other patients were started on antituber-
culous therapy after the RMtb-PCR result, two of three having
clinical and histopathological evidence of tuberculosis. One of
three patients was from an area endemic for tuberculosis and
had bilateral lower lobe pneumonia, which on pathology dem-

onstrated bronchiolitis obliterans and organizing pneumonia.
This patient was started on steroids in addition to antituber-
culous therapy, with a partial clinical response. We classified
the two former patients as true positives; the third patient was
classified as indeterminate.
Four patients grew M. xenopi, all from respiratory speci-

mens. One of the four had severe cavitary disease, multiple
positive cultures, and was on therapy; the three remaining had
no significant pulmonary disease (one had recently been
treated with intravesicular Mycobacterium bovis BCG for blad-
der carcinoma). One other patient with chronic lung disease
presumed to be due to MAC and on therapy against MAC was
positive by RMtb-PCR on two occasions. One patient (post-
liver transplant) with no evidence of tuberculosis was PCR
positive, likely as a result of laboratory contamination.
Table 6 summarizes the performance of RMtb-PCR versus

culture and the adjusted gold standard. With the adjusted gold
standard, the overall sensitivity in clinical specimens was 79%
and the specificity was 99%. The PPV was 93%, and the NPV
was 98% (Table 6). For smear-positive specimens, the sensi-
tivity was unchanged at 98%, and the sensitivity for smear-
negative samples rose to 53%. The sensitivity and specificity of
RMtb-PCR with the adjusted gold standard for respiratory
specimens were 84% and 99%, respectively.
BACTEC specimens. A total of 141 BACTEC specimens

with positive growth indices were processed for RMtb-PCR.
The average growth index (at the time RMtb-PCR was per-
formed) was 299 (range, 10 to 999). M. tuberculosis was cul-
tured from 50 specimens (35%), MAC was cultured from 49
specimens (34%), and M. xenopi was cultured from 35 speci-

TABLE 3. Distribution of specimens which were culture
positive forM. tuberculosis

PCR
result

No. of samples from:

Sputum BAL Aspirate Biopsy Fluid CSF

Positive 36 13 4 20 2 2
Negative 7 3 3 7 1 2

Total 43 16 7 27 3 4

TABLE 4. Analysis of 24 specimens from 22 patient culture
positive for M. tuberculosis and negative by RMtb-PCRa

Pa-
tient

Speci-
men

Result by:
Comment(s)

Smear Repeatb

1 BAL Negative NSQc

2 Biopsy Negative NSQ Lymph node
3 CSF Negative Positive (wash)d BAL RMtb-PCR positive
4 BAL Negative Negative
5 Biopsy Negative Negative Lymph node
6 Biopsy Negative NSQ Lymph node
7 Biopsy Negative Negative Pleural
8 Fluid Negative NSQ Neck abscess
9e Sputum Negative Negative
10 Biopsy Negative Positive Lymph node
11 Biopsy Negative NSQ Lymph node
12 BAL Negative Negative Culture negative twice on

the same BAL
13 BACTEC Negative Positive Lymph node
14 Sputum Negative Positive
15 Sputum Negative Negative
16 Biopsy Negative NSQ Lymph node
17 CSF Negative Negative (wash)d

18 Fluid Positive Positive (concn) Peritoneal dialysate, uncon-
centrated specimen was
PCR negative

19 Sputum Negative NSQ
20 Sputum Negative NSQ
21e Aspirate Negative Negative
22 Sputum Positive Negative RMtb-PCR run on small

volume (less than 100 ml)

a Not tested for the presence of inhibitors.
b Result of repeat PCR.
c NSQ, insufficient quantity for repeat testing.
d CSF specimens were run in duplicate (see Methods).
e Patients with two distinct specimens.
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mens (24%). Two each grew Mycobacterium chelonae and My-
cobacterium gordonae, and one grew Mycobacterium kansasii.
Two grew MOTT which were not identified to the species
level. Of those growing M. tuberculosis, 49 of 50 were positive
by RMtb-PCR for a sensitivity of 98%. Testing of the one
false-negative RMtb-PCR specimen was repeated, and the
specimen was found to be positive by RMtb-PCR (Table 4).
None of the 91 specimens growing MOTT were positive by
RMtb-PCR, for a specificity of 100%. The PPV and NPV for
RMtb-PCR as applied to BACTEC were 100 and 99%, respec-
tively.

DISCUSSION

Our study demonstrates the large-scale application of the
commercial RMtb-PCR, a standardized nucleic acid amplifi-
cation assay, for the rapid diagnosis of tuberculosis. Our results
showed that the sensitivity of RMtb-PCR for all non-BACTEC
specimens against an adjusted gold standard was 79%. For
smear-positive specimens, the sensitivity was 98%, and for
smear-negative specimens, the sensitivity was 53%. This was
consistent with data reported by others (1, 11, 27,). A survey of
state health laboratories using conventional culture revealed
that the average time from the receipt of specimens to the
reporting of results to a physician is 34 days (16). With
BACTEC, this can be shortened to 22 days, and with the
addition of nucleic acid probes, this can be shortened to 10 to
14 days. Although we routinely use BACTEC in conjunction
with nucleic acid probes, the turnaround time from specimen
receipt to result report in our hands was 25 days, compared
with 3.7 days for RMtb-PCR when the latter was run twice per
week. In a high-volume laboratory, a same-day RMtb-PCR
result could be provided.
The number of false-negative results for RMtb-PCR and the

need to determine the susceptibility of the isolates illustrate
that PCR technology with its current sensitivity must be per-
formed in conjunction with culture. Although 17 of 24 speci-
mens had either been divided prior to concentration and ho-
mogenization or were tissue specimens which were divided
prior to concentration and homogenization, they did not differ

from other specimens in the rate of smear, culture, or RMtb-
PCR positivity. Therefore, we do not feel that prior division
contributed to the number of false negatives. However, cur-
rently all specimens are homogenized prior to division for
culture and PCR. We did not test for the presence of inhibitors
in our study, which have been reported to occur in 5 to 13% of
specimens (4, 20, 25) and could have been responsible for
some of the false-negative results.
In the present study, most false-positive specimens (Table 5)

were probably due to the presence of nonviable organisms in
patients while on therapy. Published experience with PCR sup-
ports the concept that a patient can remain PCR positive after
cultures become negative. In one study, PCR remained posi-
tive 1 to 2 months after cultures became negative (17), and
occasionally results can be positive at 6 months after the ini-
tiation of therapy (18). Patients that are PCR positive after 6
months of treatment may be at high risk of relapse (17). Beige
et al. (2) found a significant number (11 of 24) of positive PCR
results in a population of patients infected with M. tuberculosis
but who were smear and culture negative and had no evidence
of clinical disease; we found only one such patient. Only one
false-positive specimen was attributed to contamination. In
addition, five specimens (four M. xenopi and one MAC) may
have generated false-positive results. The optical densities of
these specimens tended to be lower than those of specimens

TABLE 5. Analysis of 18 specimens from 16 patient cultures negative for M. tuberculosis and positive by RMtb-PCR

Reclassification Patient Previous
TBa

Clinical
TB Specimen

Result by:
Comment(s)

Smear Repeat PCR

Contamination 1 No No Sputum Negative NSQb No evidence of M. tuberculosis, Liver Transplant
True positive 2c Yes Yes Sputum Positive NSQ On treatment for 6 wk, also grew M. xenopi
True positive 3c Yes Yes Sputum Positive NSQ On treatment for 130 wk, noncompliant, HIV positive
True positive 4 Yes Yes Biopsy Negative NSQ On treatment for 20 wk, severe lung disease, new lymph node
True positive 5 Yes Yes Biopsy Positive NSQ On treatment for 26 wk, active pericarditis at surgery
True positive 6 Yes Yes Biopsy Positive NSQ On treatment for 26 wk, persistent lymph node drainage
True positive 7 Yes Yes CSF Negative NSQ On treatment for 2 wk for meningitis
True positive 8 No Yes Aspirate Positive NSQ Treated for TB, apical pneumonia, AFBd positive on pathology
True positive 9 No Yes Biopsy Negative NSQ Treated for TB, lymph node AFB positive on pathology
True positive 10 Yes No BAL Negative NSQ Previously treated for M. tuberculosis 1 year ago, persistent cavity
False positive 11 No No Sputum Positive Yes/negative Cavitary lung disease, multiple cultures positive for M. xenopi only
False positive 12 No No Sputum Negative NSQ Not treated for MTB, lung nodule, 2 specimens positive for M. xenopi
False positive 13 No No BAL Negative NSQ Recent treatment with BCG, granuloma on X ray, grew M. xenopi
False positive 14 ? ? Sputum Negative Yes/negative Clinical data unavailable, M. xenopi
False positive 15 No No Sputum Positive Yes/positive Chronic lung disease with MAC, on steroids, anti-MAC treatment
Indeterminate 16 No No Biopsy Negative NSQ Treated for M. tuberculosis, bilateral lower lobe pneumonia, BOOPe

a TB, tuberculosis.
b NSQ, insufficient quantity of sample for retesting.
c Patients 2 and 3 each had separate specimens positive by RMtb-PCR and negative by Culture.
d AFB, acid-fast bacillus.
e BOOP, Bronchiolitis obliterans and organizing pneumonia.

TABLE 6. Summary of performance of RMtb-PCR on the
basis of culture and adjusted gold standard

Specimens
Adjusted gold standard [no. (%) of specimens]

Sensitivity Specificity PPV NPV

Clinicala 77 (79) 99 (99) 81 (93) 98 (98)
Smear positivea 98 (98) 76 (93) 86 (97) 97 (97)
Smear negativea 50 (53) 99 (100) 71 (81) 98 (98)
Respiratorya 83 (84) 99 (99) 82 (90) 99 (99)
BACTEC cultureb 98 (98) 100 (100) 100 (100) 99 (99)

a Includes all specimens tested directly by RMtb-PCR (i.e., no BACTEC
cultures).
b RMtb-PCR results from BACTEC culture (growth indices $10).
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containing M. tuberculosis but were above the assay cutoff.
Although these readings may represent a biological false pos-
itive, none of 35 BACTEC specimens which grewM. xenopi (or
the 49 growing MAC) were positive by RMtb-PCR. It is un-
likely that these patients were dually infected with M. tubercu-
losis, given that only MOTT were cultured in at least two
specimens from all but one patient. We are currently investi-
gating if there is a biological basis for this potential cross-
reactivity.
The rapid detection of mycobacteria by smear is hampered

by its lack of sensitivity and its inability to differentiate between
mycobacterial species. For respiratory specimens, the overall
sensitivity of RMtb-PCR was 84% (98 and 56% on smear-
positive and smear-negative specimens, respectively). For smear-
positive specimens, rapid exclusion of M. tuberculosis can save
unnecessary respiratory isolation and potential contact tracing
costs. Of smear-positive respiratory isolates, 37% grew MOTT
(Table 1); this is higher than numbers published by Yajko et
al., who grew MOTT from 8% of smear-positive sputa and
29% of smear-positive BAL (28). The differentiation of M.
tuberculosis from MOTT on smear-positive specimens in a
timely fashion also allows for the early institution of appropri-
ate therapy.
This study helps to define the role of PCR assays in the

management of patients with suspected tuberculosis. Two ar-
eas in which RMtb-PCR performed well and can likely be
demonstrated to be cost-effective have been identified. The
first area is the early species identification of smear-positive
specimens. In this setting, we found, as did D’Amato et al. (11),
that a negative RMtb-PCR result virtually excluded tubercu-
losis. The second setting in which RMtb-PCR may be indicated
is in its early application to positive BACTEC specimens.
Forbes and Hicks also found PCR to be very sensitive (100%)
and specific (99.7%) when applied to BACTEC specimens
with a growth index greater than 10 (15). They found the time
to identification of M. tuberculosis to be 14 days with PCR
versus 29 days with nucleic acid probes. In our hands, the
RMtb-PCR result was available a mean of 4 days before the
results of nucleic acid probe tests. Testing of all BACTEC
specimens at the earliest positive growth index could increase
this time advantage.
At this time, the Public Health Service recommends that

conventional laboratory methods (including BACTEC and nu-
cleic acid probes) be used for the detection of M. tuberculosis
(6). The appropriate application of a rapid diagnostic tool such
as RMtb-PCR can dramatically shorten the time to diagnosis.
Given the reliability of RMtb-PCR for smear-positive speci-
mens and specimens positive on BACTEC, we now use RMtb-
PCR routinely in these two settings. The use of the RMtb-PCR
test on an outsource basis for smear-positive patients is cost-
effective in an institution which sees cases of pulmonary
MOTT to M. tuberculosis at a ratio of smear-positive cases of
1:8 or less by the most conservative isolation cost scenarios
for which isolation days may be saved (10). The greatest po-
tential for individual institutional cost savings is in settings with
large HIV and immunosuppressed populations, in which both
MOTT and M. tuberculosis are prevalent. The greatest health
care savings are realized when specimens are outsourced from
multiple institutions to a single central laboratory facility. To
optimize tuberculosis infection control practices and to pre-
vent future outbreaks, early diagnosis of infectious individuals
is critical. The availability of highly standardized nucleic acid
amplification technologies promises to be an effective tool for
attaining this goal.
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